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the  dimerization  constants  of  CoTSPC  are  in  error,  since  the  values 
were  measured  spectrophotometrically  in  the  region  of  the  spectrum 
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the  absorbance  of  a  CoTSPC  was  measured  with  an  HP8450A  diode- 
array  UV-VIS  spectrophotometer.  The  HP8450A  measures  the  spectrum 
from  200  to  800  nm  continuously,  so  by  comparing  the  spectrum  of 
CoTSPC  in  the  UV  region  with  the  tungsten  lamp  active  and  then  in¬ 
active,  one  can  see  whether  the  visible  light  affects  aggregation.  It 
turned  out  that  no  change  was  observed  in  the  spectrum  of  CoTSPC 
when  the  tungsten  lamp  was  turned  off,  so  the  dimerization  constants 
measured  in  the  visible  region  of  the  spectrum  are  valid  and  not 
affected  by  the  spectrophotometer. 
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EFFECT  OF  VISIBLE  LIGHT  ON  THE  DIMERIZATION  OF  COBALT  (II) 
TETRASULPHONATED  PHTHALOCYANINE  IN  WATER 


1.  INTRODUCTION 

Beelen,  daCosta  Gomez,  and  Kuijer^  recently  reported  that  the  rate 
of  selective  oxidation  of  mercaptoethanol  by  dioxygen,  catalyzed  by  cobalt 
(II)  tetrasulfonated  phthalocyanine,  is  enhanced  by  a  factor  of  two  to  four 
by  light  in  the  range  600  to  700  nm.  Beelen  and  coworkers  speculated  that 
visible  light  promotes  disaggregation  of  CoTSPC  to  form  more  of  the  cat- 
alytically  active  monomer.  If  Beelen  and  associates  are  correct,  then  it  is 
possible  that  past  measurements^"’  of  the  dimerization  constant  of  CoTSPC 
are  in  error,  since  the  dimerization  constants  were  determined  from  absor¬ 
bances  measured  near  660  nm,  the  region  of  the  spectrum  where  light  pro¬ 
motes  disaggregation. 

To  tost  the  hypothesis  that  visible  light  affects  aggregation  of  CoTSPC, 
wo  measured  the  absorbance  of  CoTSPC  with  the  HP  8450A  diode-array 
spectrophotometer,  which  continuously  measures  the  spectrum  of  a  sample 
from  200  to  800  nm.  One  can  monitor  the  spectrum  of  CoTSPC  in  the  UV 
and  see  whether  the  UV  spectrum  changes  when  only  the  deuterium  lamp  is 
used. 

2.  EXPERIMENTAL 

The  CoTSPC  was  prepared  by  modifying  a  published  procedure®  as  re¬ 
ported  by  Ward  and  Seiders.®*’  Solutions  of  CoTSPC  were  prepared  with 
distilled,  deionized  water. 

Spectrophotometric  measurements  were  made  in  1-cm  cells  in  a  Hewlett- 
Packard  HP  8450A  UV-VIS  spectrophotometer.  The  HP  8450A  is  a  general- 
purpose,  rapid-scanning  instrument  with  a  microcomputer  controlling  a 
photodiode  array  such  that  full  spectra  from  200  to  800  nm  can  be  taken  in 
one  second.  The  sample  is  continuously  illuminated  by  deuterium  (UV)  and 
tungsten  lamps  (visible);  thus,  one  can  see  whether  visible  light  affects  the 
CoTSPC  aggregation  by  comparing  the  spectrum  in  the  UV  with  the  tungsten 
lamp  active  and  then  turned  off.  A  recent  article  discusses  the  advantages 
of  diode-array  spectrometry,®  while  Thomas^®  gives  a  detailed  analysis  of 
the  theory  and  operation  of  the  HP  8450A. 

The  solutions  of  CoTSPC  were  thermostatted  with  an  HP  89100A  tempera¬ 
ture  controller.  The  spectra  were  recorded  on  an  HP  7470A  plotter  while 
absorbances  at  particular  wavelengths  were  printed  on  an  HP  2126A1P  inter¬ 
active  terminal. 

3.  RESULTS  AND  DISCUSSION 

In  order  to  see  whether  visible  light  affects  CoTSPC  aggregation  by 
monitoring  a  change  in  the  UV  spectrum,  one  must  first  establish  that  the 
UV  spectrum  is  sensitive  to  changes  in  aggregation.  To  this  end,  the  first 
experiment  was  done  with  a  1.97  x  10"  ®M  solution  of  CoTSPC  that  was 
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thermostatted  at  various  temperatures  from  20®  C  to  84®  C  to  see  whether 
the  UV  spectrum  changed  as  more  monomer  formed  as  the  tempei’ature  in 
creased.  Figure  1  illustrates  the  results  of  this  experiment,  while  table  1 
summarizes  the  temperatures  and  the  peak  absorbances.  One  can  see  that 
the  peak  absorbance  near  320  nm  increases  with  monomer  concentration,  and 
an  isosbestic  point  appears  at  308  nm.  It  is  also  clear  why  past  workers  pro 
ferred  to  monitor  at  660  nm;  the  change  in  the  visible  region  is  twice  as  grts-it 
as  in  the  UV  portion. 


Table  1.  Peak  Absorbances  Measured  for  a  1.97  x  10 
Solution  of  CoTSPC  at  Various  Temperatures 


Temp 

Amax 

Absorbance 

Xmax 

Absorbance 

nm 

nm 

20.1 

320 

1.046 

660 

0.952 

30.0 

320 

1.060 

660 

1.020 

40.0 

322 

1.080 

660 

1.104 

50.0 

323 

1.105 

662 

1.202 

60.0 

325 

1.130 

662 

1.306 

70.0 

324 

1.159 

662 

1.405 

79.9 

325 

1.192 

662 

1.486 

84.8 

325 

1.215 

664 

1.516 

The  next  experiments  compared  the  UV  spectrum  with  the  visible  lamp 
active  and  then  turned  off.  These  experiments  were  also  run  at  various 
temperatures  in  order  to  monitor  the  absorbance  at  the  isosbestic  point. 

If  visible  light  only  affects  the  aggregation  of  CoTSPC,  the  isosbestic  should 
not  change  when  the  tungsten  lamp  is  turned  off ;  thus  the  isosbestic  acts 
as  a  check  on  the  precision  of  the  experiments. 

Figure  2  illustrates  the  spectra  of  CoTSPC  at  20,  30,  and  40®  C  with 
both  lamps  active  and  with  only  the  deuterium  lamp  on.  Table  2  lists  the 
measured  peak  absorbances  along  with  the  absorbances  at  the  isosbestic 
point.  One  can  see  that  the  peak  absorbance  is  0.002  or  0.003  absorbance 
unit  greater  with  the  tungsten  lamp;  however,  the  isosbestic  point  is  0.003 
absorbance  unit  greater  as  well.  If  the  peak  absorbances  are  corrected 
to  a  common  value  for  the  isosbestic  point,  the  peak  absorbances  are  within 
0.001  absorbance  unit.  * 
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Figure  1.  Absorption  Spectrum  of  CoTSPC  at  Various  Temperatures 
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Figure  2.  Comparison  of  UV  Absorption  Spectrum  Run  With  the  Deuterium  Lamp  On  and 
With  Both  the  Deuterium  and  Tungsten  Lamps  Active 


Table  2.  Effect  of  Tungsten  Lamp  on  Spectrum  of  2.05  x  10  ®1VI 
CoTSPC  Solution 


Temp 

A 

Deuterium  Lamp 

Absorbance, 
Absorbance  Isosbestic 

A 

Deuterium  and  Tungsten  Lamps 

Absorbance,* *^ 
Absorbance  Isosbes^ 

nm 

nm 

20.0 

320 

1.033 

0.980 

319 

1.035 

0.983 

30.0 

321 

1.049 

0.980 

321 

1.052 

0.983 

40.0 

323 

1.071 

0.979 

322 

1.071 

0.983 

r| 

Isosbestic  point  at  308  nm. 


The  next  stage  of  our  analysis  attempts  to  estimate  how  much  change  in 
monomer  and  dimer  concentration  accompanies  a  change  in  absorbance  of  0,001 
or  0.002  absorbance  unit. 

The  absorbance  of  a  solution  in  a  1-cm  cell  containing  only  monomer 
and  dimer  is 


•  ^  (1) 

where 

A  =  absorbance 

=  molar  absorption  coefficinet  of  monomer,  M  ^cm 

jj  =  molar  absorption  coefficient  of  dimer,  M'^cm"^, 

M  =  monomer  concentration,  M,  and 
D  =  dimer  concentraion ,  M . 

The  equilibrium  between  monomer  and  dimer  is 

K  =  [D]/[M]2  (2) 

where  K  =  dimerization  constant,  M"^. 

The  total  concentration  of  CoTSPC,  [Co],  is 

[Co]  =  [M]  +  2[D]  (3) 
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Equations  (2)  and  (3)  can  be  combined  to  give  the  monomer  concentrations 
in  terms  of  total  CoTSPC  as 


[Ml  =  ;  8K  tcoj 


With  equations  (2)  and  (4),  one  can  rewrite  equation  (1)  in  terms  of  the 
experimentally  accessible  [Co]  as 

A  nonlinear,  least-squares  program was  used  to  find  best-fit  values  of 
and  at  \  =  320  nm  using  absorbances  measured  at  320  nm  at  various 

temperatures.  The  independent  variable  in  this  calculation  was  the  dimeriza¬ 
tion  constant ,  K ,  Values  of  K  at  the  measured  temperatures  were  determined 
with  values  of  AH°  and  AS°  measured  earlier.®  Table  3  summarized  these 
calculations.  Measurements  were  made  at  49.9  and  68.8®  C  with  the  2.05  x 
10'  ®M  CoTSPC  solution  in  order  to  have  additional  points  for  fitting  equation 
(5).  As  table  3  shows,  the  best-fit  values  of  tjyj  and  Ejj  at  320  nm  are 

58.4  ±0.3  X  10 ^M’^  cm"^  and  85.3  ±0.4  x  10 ^M"^  cm"^,  respectively,  with 
error  given  as  the  standard  deviation  of  the  mean  which  is  an  output  of  the 
nonlinear,  least- squares  program.  The  right  hand  column  in  table  3  compares 
the  absorbances  calculated  with  the  measured  absorbances,  which  are  in 
reasonable  agreement . 

Using  the  best-fit  values  of  Gj^j  and  and  a  CoTSPC  concentration  of 

2.05  X  10*  ®M,  one  can  calculate  how  K,  M,  and  D  would  change  with  a  change 
in  0.002  absorbance  unit  from  the  measured  value  of  1.034  at  20®  C.  The 
results  of  these  calculations  are  shown  in  table  4,  where  one  can  see  that  a 
change  in  absorbance  of  0.002  absorbance  unit  produces  less  than  5  percent 
change  in  monomer  concentration.  Thus,  one  secs  that  if  the  visible  light 
made  a  significant  change  in  the  dimerization  of  CoTSPC ,  one  would  have  de¬ 
tected  a  measureable  change  in  absorbance  at  320  nm  with  a  2.05  x  10"  ®M 
CoTSPC  solution.  At  minimum,  these  results  show  that  earlier  determinations 
were  unaffected  by  visible-light-enhanced  disaggregation  of  CoTSPC. 


4.  CONCLUSION 

There  is  no  evidence  that  visible  light  from  a  spectrophotometer  alters 
the  dimei’ization  of  CoTSPC.  This  means  that  previous  determinations  of 
the  dimerization  constant  were  unaffected  by  light  from  the  spectrophotometer, 
and  it  raises  doubt  as  to  whether  visible  light  enhances  disaggregation  of 
CoTSPC  as  claimed  by  Dutch  workers. 


12 


Table  3.  Best-Fit  Values  of  the  Molar  Absorbances 


of  Monomeric  and 

Dimeric  CoTSPC  at 

320  nm 

Temp 

ca 

K.M‘\  X  10' 

A  .exp't 

A  .cal'd*^ 

0(1 

20.0 

3.123 

1.034 

1.033 

30.0 

1.579 

1.051 

1.051 

49.9 

0.461 

1.088 

1.092 

68.8 

0.163 

1.133 

1.131 

^Calculated  with  AH°  =  -12.044  cal/mole  and  AS  =  -15.943  cal/mole  -K . 

*^Calculated  with  best-fit  values  of  58.4  ±0.3  x  10 ^M"^  cn  for  and 
95.3  ±0.4  X  10 cn“^  for  g^. 


Table  4.  Computation  of  Monomer  and  Dimer  Concentration 
at  20.0®  C,  Assuming  Absorbance  Ranges  from 
1.036  to  1.032 


A ,  X  =  320  nm 

K.M'S  X  10'^® 

C^,  M.  X  10® 

Cp,  M,  X  10® 

1.036 

2.73 

5.29 

7.62 

1.034'^ 

3.12 

4.99 

7.78 

1.032 

3.23 

4.92 

7.81 

‘^Calculated  with  =  5.84- 10'‘M“^cm”  =  95. 3- 10‘*M' ^cm"  ^ ,  and  [Co).j,  = 

2.05-10  ^M. 

'^Experimental  value  at  20.0®  C 
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ATTN:  DRSMC-CLT  (A)  I 

ATTN;  ESISMC-CLY-A  (A)  1 

ATTN;  DRSMC-CLY-R  (A)  6 

COPIES  FOR  AUTHOR(S) 

DRSMC-CLB-CA  (A)  12 

RECORD  COPY:  DRSMC-CLB-A  (A)  1 


DEPARTMENT  OF  DEFENSE 

Defense  Technical  Information  Center 
ATTN:  DTIC-DDA-2  12 

Cameron  Station,  Building  5 
Alexandria,  VA  22314 

Director 

Defense  Intelligence  Agency 

ATTN:  DB-4G1  1 

Washington,  DC  20301 


DEPARTMENT  0?  THE  ARMY 
HQDA 

ATTN:  DAMO-NCC  1 

WASH  DC  20310 

HQDA 

Office  of  the  Deputy  Chief  of  Staff  for 
Research,  Development  &  Acquisition 
ATTN:  DAMA-CSS-C  1 

Washington,  DC  20310 

HQ  Sixth  US  Array 

ATTN:  AFKC-OP-NBC  1 

Presidio  of  San  Francisco,  CA  94129 

Comnander 
DAROOM,  STITEUR 

ATTN:  DRXST-STI  1 

Box  48,  APO  New  York  09710 

Commander 

USASTCFEO 

ATTN:  MAJ  Mikeworth  1 

APO  San  Francisco  96328 

Ariny  Research  Office 

ATTN:  I»XRO-CB  (Dr.  R.  Ghirardelli)  1 

P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 
OFFICE  OF  THE  SURGEON  GENERAL 
Comnander 

US  Array  Medical  Bioengineering  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBD-AL,  Bldg  568 

Fort  Detrick,  Frederick,  MD  21701 
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yOnmandr’ t 

USA  Medical  Research  Institute  of 
Chemical  Defense 

ATTN:  SGRD-UV-L  1 

Aberdeen  Proving  Ground,  MD  21010 

US  ARMY  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 

Cotnnander 
HQ,  DARCOM 

ATTN:  DRCED  (BG  Robinson)  1 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 

Conmander 

US  Army  Materiel  Development  and 
Readiness  Command 

ATTN:  DRCSF-P  1 

5001  Eisenhower  Ave 
Alexandria,  VA  22333 

PM  Smoke /Obscurants 

ATTN:  DRCPM-SMK-S  3 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Foreign  Science  &  Technology  Center 
ATTN:  DRXST-Mr3  1 

220  Seventh  St.,  NE 
Charlottesville,  VA  22901 

Director 

US  Array  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-MP  1 

ATTN:  DRXSY-CR  (Mr.  Metz)  1 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Array  Missile  Command 
Redstone  Scientific  Information  Center 
ATTN:  DRSMI-RPR  (Documents)  1 

Redstone  Arsenal,  AL  35809 


Director 

DAROOM  Field  Safety  Activity 

ATTN:  DRXOS-SE  (Mr.  Yutmeyer)  1 

Charlestown,  IN  47111 

US  ARMY  ARMAMENT,  MUNITIONS  AND 
CHEMICAL  CENTER 

Commander 

US  Amty  Armament,  Munitions  and 


Chemical  Center 

ATTN:  DRSMC-ASN  (R)  1 
ATTN:  DRSMC-IRI-A  (R)  1 
ATTN:  DRSMC-LEP-L  (R)  1 
ATTN:  DRSMC-SF  (R)  1 


Rock  Island,  IL  61299 
Commander 

US  Array  Dugway  Proving  Ground 

ATTN:  Technical  Library  (Docu  Sect)  1 

Dugway,  UT  84022 

US  ARMY  ARMAMENT  RESEARCH  AND 
DEVELOPMENT  CENTER 


Commander 

US  Array  Armament  Research  and 
Development  Center 

ATTN:  DRSMC-LGA-L  (D)  1 

ATTN:  DRSMC-LCE-C  (D)  1 

ATTN:  DRSMC-LCU-CE  (D)  1 

ATTN:  DRSMC-SCA-T  (D)  1 

ATTN:  DRSMC-SCF  (D)  1 

ATTN:  DRSMC-SCP  (D)  1 

ATTN:  DRSMC-SCS  (D)  1 

ATTN:  DRSMC-TDC  (D)  (Dt.  D.  Gyorog)  1 

ATTN:  DRSMC-TSS  (D)  2 

ATTN:  DRCPM-GAWS-AM  (D)  1 

Dover,  NJ  07801 


US  Army  Armament  Research  and 
Development  Center 
Resident  Operations  Office 
ATTN:  DRSMC-TSE-OA  (Robert  Thresher)  1 
National  Space  Technology  Laboratories 
NSTL  Station,  Mississippi  39529 
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Coramander 

Comraander 

- — ^ 

AMCOOM 

US  Array  Infantry  Center 

ATTN:  I»SMC-QAC-E 

1 

Directorate  of  Plans  &  Training 

0 

Aberdeen  Proving  Ground,  MD  21010 

ATTN:  ATZB-DPT-PO-NBC 

1 

Fort  Banning,  GA  31905 

Director 

USA  Armaraent  Research  and 

Commander 

Development  Center  (BRL) 

USA  Training  and  Doctrine  Conmand 

AMCCOM 

ATTN:  ATCD-N 

1 

ATTN:  imSMC-TSB-S 

1 

Fort  Monroe,  VA  23651 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  ARMY  TRAINING  &  DOCTRINE  COMMAND 

US  Array  Armor  Center 

ATTN:  ATZK-CD-MS 

1 

; 

Commandant 

ATTN:  ATZK-PPT-PO-C 

1 

US  Array  Infantry  School 

Fort  Knox,  KY  40121 

ATTN:  CTDD,  CSD,  NBC  Branch 

1 

Fort  Banning,  GA  31905 

Coramander 

USA  Combined  Arms  Center  and 

Coraraandant 

Fort  Leavenworth 

US  Array  Missile  &  Munitions  Center 

ATTN:  ATZL-CAM-IM 

1 

and  School 

Fort  Leavenworth,  KS  66027 

ATTN:  ATSK-CM 

1 

Redstone  Arsenal,  AL  35809 

US  ARMY  TEST  &  EVALUATION  COMMAND 

Coninander 

Comraander 

• 

us  Array  Logistics  Center 

US  Array  Test  &  Evaluation  Command 

ATTN;  ATa-MS 

1 

ATTN:  DRSTE-CM-F 

1 

ATTN:  DLSIE 

1 

ATTN:  DRSTE-CT-T 

1 

Fort  Lee,  VA  23801 

Aberdeen  Proving  Ground,  MD  21005 

Commandant 

DEPARTMEOT  OF  THE  NAVY 

US  Army  Chemical  School 

ATTN:  ATZN-CM-C 

1 

Project  Manager 

ATTN;  ATZN-CM-AFL 

2 

Theatre  Nuclear  Warfare  Project  Office 

Fort  McClellan,  AL  36205 

ATTN:  PM-23  (Dr.  Patton) 

1 

ATTN:  TN-09C 

1 

Cotnnander 

Navy  Department 

USAAVNC 

Washington,  DC  20360 

i 

ATTN:  ATZQ-D-MS 

1 

V 

Fort  Rucker,  AL  36362 

Commander 

Naval  Explosive  Ordnance  Disposal 

m 

Commander 

Technology  Center 

US  Army  Infantry  Center 

ATTN:  AC-3 

1 

ATTN:  ATSH-CD^-C 

1 

Indian  Head,  MD  20640 

Fort  Banning,  GA  31905 

• 
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Officer-in-Charge 

Marine  Corps  Detachment  1 

Naval  Explosive  Ordnance  Disposal 
Technology  Center 
Indian  Head,  MD  20640 

Chief,  Bureau  of  Medicine  &  Surgery 
Department  of  the  Navy 

ATTN:  MED  3C33  1 

Washington,  DC  20372 

Commanding  Officer 

Naval  Weapons  Support  Center 

Applied  Sciences  Department 

ATTN:  Code  50C,  Bldg  190  1 

Crane,  IN  47522 

Cocimander 

Naval  Air  Development  Center 

ATTN:  Code  2012  (Dr.  Robert  Helmbold)  1 

Warminster,  PA  18974 

US  MARINE  CORPS 

Cotimand ing  General 
Marine  Corps  Development  and 
Education  Command 

ATTN:  Fire  Power  Division,  D091  1 

Quantico,  VA  22134 

DEPARTMENT  OF  THE  AIR  FORCE 

Department  of  the  Air  Force 
Headquarters  Foreign  Technology  Division 


ATTN:  TQTR  1 

Wright-Patterson  AFB,  OH  45433 

AFAMRL/TS 

ATTN:  OOL  Johnson  1 

Wright-Patterson  AFB,  OH  45433 

AFWAL/FIEEC  (Wendell  Banks)  1 

Wright-Patterson  AFB,  OH  45433 

HQ  AFSC/SDZ  1 

ATTN:  CPT  D.  Riediger 
Andrews  AFB,  MD  20334 


USAF  TAWC/THL  I 

Eglin  AFB,  FL  32542 

USAF  SC 

ATTN:  AD/YQ  1 

ATTN:  AD/YQO  (MAJ  Owens)  I 

Eglin  AFB,  FL  32542 

AD/XRD  1 

Eglin  AFB,  FL  32542 


OUTSIDE  AGENCIES 

Bat telle,  Columbus  Laboratories 
ATTN:  TACTEC  1 

505  King  Avenue 
Columbus,  OH  43201 

Toxicology  Information  Center,  JH  652 
National  Research  Council  1 

2101  Constitution  Ave.,  NW 
Washington,  DC  20418 

ADDITIONAL  ADDRESSEES 

Commandant 

Academy  of  Health  Sciences,  US  Army 
ATTN:  HSHA-CDH  1 

ATTN:  HSHA-IPM  2 

Fort  Sam  Houston,  TX  78234 

Commander 

217th  Chemical  Detachment 

ATTN:  AFVL-CD  1 

Fort  Knox,  KY  40121 

Headquarters 

US  Army  Medical  Research  and 
Development  Command 

ATTN:  SGRD-RMS  1 

Fort  Detrick,  MD  21701 

Conmander 

US  Army  Environmental  Hygiene  Agency 
ATTN:  Librarian,  Bldg  2100  1 

Aberdeen  Proving  Ground,  MD  21010 


20 


